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Terms
CIE cumulative impact evaluation
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Cmax maximum concentration
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IC initial concentration
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1 Purpose

The purpose of this environmental calculation file (ECF) is to document the effect of ceasing injection
pumping for the iodine-129 (1-129) plume and subsequent fate and transport at the 200-UP-1
Groundwater Operable Unit (OU) in the U.S. Department of Energy’s (DOE’s) Hanford Site to assist in
determining a technical impracticability (TI) waiver zone. The 200-UP-1 OU underlies the southern
portion of the 200 West Area and vicinity (Figure 1-1). Injection pumping started in October 2015 with
three injection wells (299-E11-1, 299-E20-1, and 299-E20-2) located east of the 1-129 plume in

the 200-UP-1 OU Figure 1-1. Remedial action plan scenarios were evaluated in ECF-200UP1-14-0052,
Local-Scale Simulation of lodine-129 Plume Containment for the Proposed Injection Wells at

the 200-UP-1 Operable Unit and ECF-200UP1-14-0053, Containment System for 200-UP-1 lodine.

The pumping schedule for containment of the leading eastern edge of the plume has a total injection of
150 gal/min distributed evenly among the three injection wells. This calculation uses groundwater flow
and transport modeling to evaluate the impacts of ceasing injection under two different time horizons (end
of calendar years [CYs] 2020 and 2037) and a detailed evaluation of the evolution of the plume with
mean concentration evaluation using the 95th percent upper confidence limit (95%UCL) to assess cleanup
during the time of the simulations (2018 through 2617).

This document includes two pumping scenarios that vary 1-129 injection well cessation. Scenario 1
models 1-129 injection well cessation at the scheduled end of all 200 West Area Pump and Treat (P&T)
operations in 2037 utilizing only the 200-UP-1 OU. Scenario 2 differs from Scenario 1 in that the date of
1-129 injection well cessation is the end of 2020. An 1-129 monitoring network was developed based on
the existing 1-129 monitoring network and extended to include wells covering the locations along which
the 1-129 plume transport is expected within 200-UP-1 OU to evaluate 95%UCL 1-129 concentration.

The outcome of the flow-and-transport simulations were used to evaluate the impact of 1-129 injection
operations in terms of 95%UCL mean concentration in the monitoring network, the maximum aerial
extent of the modeled plumes, and maximum concentration (Cmax) reported by the model until

the cleanup level is reached.
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Figure 1-1. 1-129 Plumes Originating in the 200-UP-1 and 200-BP-5 OUs, and
I-129 Containment Injection Wells (2017)
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2 Background

1-129 is one of the contaminants of interest (COIs) identified in DOE/RL-2013-07, 200-UP-1
Groundwater Operable Unit Remedial Design / Remedial Action Work Plan and EPA et al., 2012, Record
of Decision for Interim Remedial Action Hanford 200 Area Superfund Site 200-UP-1 Operable Unit.

The 1-129 plumes in the 200-UP-1 OU originate from the U Plant and Reduction Oxidation (REDOX)
Plant waste sites, with the latter being the primary source DOE/RL-2014-32, Hanford Site Groundwater
Monitoring Report for 2013). 1-129 occurs as two plumes, one from the 216-U-1 and 216-U-2 Cribs near
U Plant and a second from the REDOX Plant waste sites in the southern portion of the 200 West Area.
These plumes merge downgradient and become indistinguishable. ECF-200UP1-14-0052 provides an
overview of the evolution of 1-129 values at the U Plant and REDOX Plant Sites. Previous 1-129
containment analyses (ECF-200-UP1-14-0052 and ECF-200-UP1-14-0053) used a two-dimensional 2014
plume interpretation developed in ECF-200UP1-14-0019, Initial Groundwater Plume Development
(Uranium, Technetium-99, Nitrate, and lodine-129) to Support Fate and Transport Modeling for
Remedial Design in the 200 UP-1 Groundwater Operable Unit, that was extended for all layers
representing the Ringold Formation member of Wooded Island — unit E (Rwie) formation. Figure 2-1
includes the 2014 and 2017 plume contour line representing values above the cleanup level (1 pCi/L) as
documented in the annual groundwater monitoring report, and the yearly averaged concentrations used for
the 2017 plume construction. In general, the plume shows a similar geometry with concentration
decreases along the northeastern leading edge consistent with the location of the three injection wells used
for containment. For the 2017 plume development, the highest concentration value in the 200-UP-1 OU is
at well 299-W21-3 near the Environmental Restoration Disposal Facility (ERDF) southwest boundary
with an average value in year 2017 of 20.52 pCi/L. DOE/RL-2017-66, Hanford Site Groundwater
Monitoring Report for 2017 provides an additional overview of the maximum concentration values
observed at the waste sites that generated that 1-129 plume.

The hydraulic containment is based on injection wells placed at the northeast edge of the 1-129 plume.
Treated water from the 200 West P&T Facility, extracted from areas outside the 1-129 plume, is pumped
to the injection wells. Previous analysis estimated that three injection wells with a flow rate of 50 gal/min
per well (150 gal/min total) will be needed to hydraulically control the plume. ECF-200UP1-14-0053 also
identified an upper limit of 300 gal/min to arrest the leading edge of the plume (450 gal/min was observed
to generate local reversal of flow). Since the containment injection operations started, injection reached a
total average of 134 gal/min in 2015, 204 gal/min in 2016, and 223 gal/min in 2017. Projections used in
this analysis, based on pumping projections for the 200 West Groundwater Treatment Facility in
ECF-200ZP1-19-0103, Extraction Well Location and Rate Optimization in Support of the 200-ZP-1
Optimization Test Plan), estimate a constant pumping of 225 gal/min for future years until the cessation
of hydraulic containment. This analysis seeks to evaluate the impact of ceasing injection pumping at two
different time horizons: end of 2037 (Scenario 1) and end of 2020 (Scenario 2) and the subsequent fate
and transport of the plume.

2-1
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Figure 2-1. Comparison of 2014 and 2017 lodine Plumes in the 200-UP-1 OU, Relevant Waste Sites,

and Location of 2017 Monitoring Values
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3 Methodology

This chapter gives a summary of the plateau-to-river (P2R) model used for the fate and transport
modeling of 1-129 plume, and the postprocessing of transport model output for the analysis. The details
on the P2R model version 8.3 are described in ECF-HANFORD-21-0004, Predictive Flow Simulation
with the P2R Model for the Cumulative Impact Evaluation No Further Action Scenario and
ECF-HANFORD-21-0005, Predictive Contaminant Transport Simulation with the P2R Model for

the Cumulative Impact Evaluation No Further Action Scenario.

3.1 Groundwater Flow Modeling

The past hydraulic containment analyses of 1-129 were performed using the Central Plateau groundwater
model (CPGWM). However, the CPGWM has been superseded by the P2R model version 8.3.

The P2R model was used to calculate the necessary flow velocity fields and sink/source sinks before
using Modular Three-Dimensional Multi-Species Transport Model for Simulation of Advection,
Dispersion, and Chemical Reactions of Contaminants in Groundwater Systems modeling (MT3DMS)
software for transport analysis. Groundwater flow was simulated using MODular three-dimensional
groundwater FLOW (MODFLOW?1) model software (Harbaugh et al., 2000, MODFLOW-2000,

the U.S. Geological Survey Modular Ground-Water Model — User Guide to Modularization Concepts and
the Ground-Water Flow Process).

3.1.1 Model Domain and Discretization

The P2R model domain has the following lateral extent and boundaries: extent north to south is 26.6 km
(16.5 mi) and extent east to west is 37.6 km (23.3 mi). The lower left corner of the model domain is
located at easting 557,800 m and at northing 116,200 m in the Washington State Coordinate System
(NAD_1983_StatePlane_Washington_South_FIPS 4602) (NAD83, North American Datum of 1983).
The vertical extent of the model comprises the subsurface sediments from ground surface to

the uppermost unit of the Columbia River Basalt Group. The basalt that is assumed to constitute an
impermeable lower boundary defines the base of the domain.

The model domain is discretized into a finite difference grid. The grid in the lateral directions is broken
into variably sized cells of 100 by 100 m (328.1 by 328.1 ft), 100 by 200 (328.1 by 656.2 ft), and 200 by
200 m (656.2 by 656.2 ft). A total of 274 columns and 201 rows constitutes a total of 55,074 laterally
distinct cell locations within the model domain. The model is vertically divided into seven model layers
between the ground surface elevation and the top of the uppermost basalt surface. The discretization of
the vertical layers varies to represent the thickness of geologic formations found within the model
domain. A maximum of 34,421 of those 55,074 laterally distinct cells is active in the model within each
model layer. Figure 3-1 shows the lateral extent of the P2R model version 8.3 domain along with

the groundwater OUs, lateral discretization, and boundary conditions.

1 MODFLOW is a product of the U.S. Geological Survey, Reston, Virginia.
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Figure 3-1. P2R Model Version 8.3 Extent and Boundary Conditions

3.1 Groundwater Transport Modeling

Contaminant transport simulations were performed using MT3DMS, which simulates advection,
dispersion, source/sinks, and chemical reactions (Zheng and Wang, 1999, MT3DMS: A Modular
Three-Dimensional Multispecies Transport Model for Simulation of Advection, Dispersion, and Chemical
Reactions of Contaminants in Groundwater Systems,; Documentation and User’s Guide). MT3DMS is
designed for use with finite difference flow models, such as MODFLOW 2000 (Harbaugh et al., 2000).
The flow model provides the velocity field needed for transport simulations. Transport simulations were
conducted to evaluate the fate of the 200-UP-1 OU plume and the 200-UP-1 and 200 East 1-129 combined
plumes. The approach to using MT3DMS was as follows:

e Generate the input files for the predictive flow model. The details on the predictive flow model input
files are summarized in Section 4.1 of this ECF.

e Execute the predictive flow model.
e Generate the input files for MT3DMS. Input data are described in Section 4.2 of this ECF.
e Link the simulated flow field to the MT3DMS simulation.
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o Execute the MT3DMS model simulations making use of the Transport Observation Package to gather
output concentrations at specific times and locations needed for estimation of 95%UCL mean
concentrations (explained in Section 3.2). Addition of the wells required for 95%UCL network is
explained in Section 4.2.5.

e Evaluate the transport models for each scenario through different methods as follows:
—  95%UCL mean concentration in the monitoring wells network
— Maps of maximum concentration over all the layers in the P2R model
— Time series plots of simulated maximum concentration of the entire aquifer
— Time series plots of the simulated plume area for the selected plume contours

The transport parameters used for the fate and transport analysis of 1-129 are the same as documented in
ECF-HANFORD-21-0005 and are described in Section 4.2.2 of this ECF.

3.2 95%UCL Computation of Mean Plume Concentration

Simulated remediation performance was evaluated by calculating the 95%UCL on mean plume
concentrations. This is the same method recommended for calculating groundwater plume exposure point
concentrations in superfund risk assessment guidance (OSWER Directive 9285.6-10, Calculating Upper
Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites). The advantage of

the 95%UCL is that it provides a comprehensive evaluation of plume concentrations in a single metric
and is calculated using sample results or simulated concentrations at monitoring wells.

The one-sided 95%UCL was calculated using Student’s t test assuming a normal distribution
(OSWER Directive 9285.6-10):

95%UCL = X + tg 1 % (Eq. 3-1)
where:
X = arithmetic mean of the sample results
tun1 = the 1-o™ quantile of Student’s t distribution with n-1 degrees of freedom; for the 95"
percentile, a = 0.95 (one-tailed)
S = standard deviation of the sample results
n = number of samples.

The well network for 1-129 calculations is explained in Section 4.2.5. This network was based on
the current monitoring network and future distribution of the 1-129 plume. Calculations of 95%UCLSs for
transport simulation results were performed as follows:

1. Wells in the monitoring network with concentrations above the cleanup level at the start of
the simulations were selected for use in 95%UCL calculations.

2. 95%UCLs were calculated annually beginning in 2018 (the first year of the transport simulations).
The calculations used simulated concentrations at the end of each year. Three years of data were
compiled for the calculations. For example, the data used for calculations of a 2021 95%UCL
consisted of concentrations at the end of 2019, 2020, and 2021. This ensured that enough data were
available for representative calculation results. When 3 years of data were not available, one or two
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years of data were used. For example, in 2018, the 2018 data were used, and in 2019, the 2018 and
2019 data were used.

As the plume moved into areas not covered by the active wells, additional wells were added to

the calculation dataset. This was done when concentrations at a nearby well, or a synthetic well,
increased to above the cleanup level. When a new well was added, the convention of using 3 years of
data was applied (i.e., if a well increased to above the cleanup level in 2030, concentrations for 2028,
2029, and 2030 were used in the calculation beginning in 2030).

When concentrations in a well declined to below one-tenth of the cleanup level that well was dropped
from the calculation (this cutoff was specified in DOE/RL-2015-14, Performance Monitoring Plan
for the 200-UP-1 Groundwater Operable Unit Remedial Action). However, if concentrations in that
well later increased to above one-tenth the cleanup level, it was added back into the calculation. In
other words, once a well is part of the 95%UCL network, it is always used in the calculation if

the concentration is above one-tenth the cleanup level.

Calculations were performed until the end of the simulation data set, or until there were fewer than
two data points above one-tenth the cleanup level available for the calculation. The use of only two
data points occurred in some of the simulations performed when plume concentrations were very low,
and the mean plume concentration was well below the cleanup level. Thus, the effect of using only a
few data points in the calculation was considered insignificant.

3-4



ECF-200UP1-20-0036, REV. 0

4 Assumptions and Inputs

This chapter summarizes the inputs that are specific to the calculations presented in this ECF. Features
and inputs to the P2R model (e.g., model layer elevations, hydraulic properties, specific storage, and
specific yield) that did not change from the P2R model are not presented, and the reader is directed to
CP-57037, Model Package Report: Plateau to River Groundwater Model Version 8.3. Features and inputs
that did change in ECF-HANFORD-21-0004 and ECF-HANFORD-21-0005 are presented below for

the convenience of the reader. The principal inputs to the flow calculations include the following:

e Temporal discretization (i.e., stress period [SP])
e Boundary conditions

e |Initial head

e Extraction and injection well flow rates by SP

e Pumping scenarios

The principal inputs to the transport calculations are:

o Initial concentrations (ICs)

e Transport parameters

e Continuing sources

e Well monitoring network for 95%UCL

41 Groundwater Flow Modeling

The P2R model version 8.3 used for the flow model in this calculation is documented in
ECF-HANFORD-21-0004 as developed for the cumulative impact evaluation (CIE). The flow model
features that were used in ECF-HANFORD-21-0004 are described in the following sections.

411 Temporal Discretization

The simulation period for the predictive flow model starts in 2018 and runs for 1,052 years, ending in
3070. The temporal discretization of the predictive flow model is listed in Table 4-1. A total of 101 SPs
were used with varying SP length. The length of any SP through 2570 matched the time periods taken by
the recharge evolution tool documented in ECF-HANFORD-15-0019, Hanford Site-wide Natural
Recharge Boundary Conditions for Groundwater Models. By staying consistent with the recharge
evolution tool temporal discretization, major changes to land use were represented in the boundary
conditions of the simulation.

Table 4-1. Temporal Discretization of Predictive Flow Model

Stress Duration
Periods (yr) Description
1to 82 82 82 transient annual stress periods that span from 2018 through 2099
83 35 1 transient stress period that spans from 2100 through 2134
84 16 1 transient stress period that spans from 2135 through 2150
85 343 1 transient stress period that spans from 2151 through 2493
86 23 1 transient stress period that spans from 2494 through 2516
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Table 4-1. Temporal Discretization of Predictive Flow Model

Stress Duration
Periods (yr) Description
87 3 1 transient stress period that spans from 2517 through 2519
88 1 1 transient annual stress period that spans the year 2520
89 4 1 transient stress period that spans from 2521 through 2524
90to 91 2 2 transient annual stress periods that span from 2515 through 2526
92 2 1 transient stress period that spans from 2527 through 2528
93 1 1 transient annual stress period that spans the year 2529
94 3 1 transient stress period that spans from 2530 through 2532
95 2 1 transient stress period that spans from 2533 through 2534
96 8 1 transient stress period that spans from 2535 through 2542
97 7 1 transient stress period that spans from 2543 through 2549
98 to 99 2 2 transient annual stress periods that span from 2550 through 2551
100 18 1 transient stress period that spans from 2552 through 2569
101 500 1 transient stress period that spans from 2570 through 3070

41.2 Boundary Conditions

Boundary conditions for the P2R model were adjusted to match the temporal discretization needed to
simulate 1,000 years into the future from site closure in calendar year 2070. Updated boundary conditions
include the Columbia River boundary, specified heads, and the recharge. Each of these is discussed in

the following sections.

4.1.2.1 Columbia River Boundary

The Columbia River acts as the eastern boundary condition for the P2R model. The details on the river
boundary features such as river cell location, river stage elevation, river bottom elevation, and river
sediment conductance are documented in CP-57037. The process for building the Columbia River
boundary condition was kept same as the one documented in CP-57037. The flow rates at the river gage
for first two SPs (2018 and 2019) were available during the predictive simulation period. The yearly
averaged flow data were used to calculate river stage for 2018 and 2019. The river stage for the remainder
of the simulation period was kept constant which was calculated by averaging the flow rates from last 20
years of river gage data (2000 to 2019). A 20-year average was chosen because of its similarity to

the 10- and 71-year averages and was consistent with the average timeframe used for the specified heads
at Gable Gap and Dry Creek.

4.1.2.2 Specified Heads

The basalt top elevation defines the bottom and most of the lateral boundaries of the model domain
(depicted as dark gray-colored regions in Figure 3-1). Four locations where the water table is above

the top of the basalt are defined by specified head boundaries (shown as red shading in Figure 3-1). For
the historical period as documented in CP-57037, the specified head values at each of these specified head
boundary locations were taken as the annual average observed head at observations wells near
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the boundary location. However, such observation data are not possible for the predictive model starting
from 2020. For the western Gap and northeastern boundary, constant values of 122.5 and 110.98 m
(representative of the average of the last 20 years of data) were used, respectively. For the Gable Gap and
southern boundary near Dry Creek, the specified heads were developed using an exponential equation
defined by the observed trend at wells 699-60-60 and 699-10-54A, respectively. The parameters for

the exponential equations were estimated using the least squares regression (LSQR) fitting of

the observed values. The following exponential equation was used for calculating the specified head
boundary condition:

P, =B+ e(X*¥imY) 4 (§ — B) (Eq. 4-1)

where:

P, = the predicted head for the year i

B = the base head representing pre-Hanford (01/01/1945) water table

X = afitting parameter

Y, = the year of the specified head to be predicted

Yo = thestarting year of the LSQR fitting dataset

S = the start head representative of the starting year, Y;.

LSQR fitting parameters are listed in Table 4-2.

The observed and predicted heads calculated using the corresponding fitted exponential equation are
shown in Figure 4-1 at the northern specified head boundary at Gable Gap near well 699-60-60, and in
Figure 4-2, at the northern specified head boundary at Dry Creek near well 699-10-54A.

Table 4-2. LSQR Fitting Parameters Used for Predicting Specified Head at
Gable Gap and Southern Boundary near Dry Creek

Parameters Gable Gap Dry Creek
B (m) 120.6 122.1
X (dimensionless) 0.0256 0.0076
(yr) 2,003.5 2,003.5
S (m) 122.2 126.98
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Figure 4-1. Observed Head Values and Estimated Exponential Regression Function at the Northern
Specified Head Boundary at Gable Gap Near Well 699-60-60 for the Predictive Model
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Figure 4-2. Observed Head Values and Estimated Exponential Regression Function at the Western Specified
Head Boundary at Dry Creek Near Well 699-10-54A for the Predictive Model

4.1.2.3 Recharge

Recharge at the water table in the P2R model includes the contributions to total recharge from
the following components:

o Natural recharge: Deep percolation of precipitation that is not evaporated/transpired and is not
retained in storage in the vadose zone.

e Mountain-front recharge: Contribution to the groundwater flux from upgradient sources to
the aquifer including Rattlesnake Mountain and the Dry Creek and Cold Creek watersheds.

e Anthropogenic recharge: Historical wastewater discharges at the Hanford Site.

For each SP of the model, these individual components are summed to create the total recharge to

the aquifer. The summed values are input into a MODFLOW recharge package for inclusion in the model
simulation. The recharge components for the predictive model are consistent with the methodologies
documented as part of the historic calibration documented in CP-57037. Changes were made to values to
match the difference in the temporal domain of the model. These aspects are discussed in
ECF-HANFORD-21-0004.

41.3 Initial Head

The initial hydraulic head for the predictive model was extracted from the simulated head output of
the historic calibration of the P2R model version 8.3 (CP-57037) at the end of 2017. This coincided with
SP 141 timestep 1 of the P2R model historic calibration.
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41.4 Extraction and Injection Wells

The predictive flow model includes all the extraction/injection wells used in ECF-HANFORD-20-0049,
Description of Groundwater Calculations to Support Performance Assessment for the Calendar Year
2019 (CY 2019) 200 Areas Pump-and-Treat Report. The P&T model had pumping starting in either 2012
or 2015 and ending at the end of September 2037, with monthly SPs from the model start through the end
of September 2022. It then uses annual SPs from October 2022 through September 2037. The P2R model
as applied to the CIE predictive model utilizes annual SPs during that time period. To assign

the appropriate pumping rates to the P2R model version 8.3 predictive model, the following methods
were used:

e Monthly SPs in the P&T model (SP 37-84 for the 2015-start model) representing January 2018
through December 2021, were used to create a single average value for calendar years 2018 through
2021 (P2Rv8.3 SP 1-4).

e For model year 2022, a weighted average of P&T model monthly values for January through
September (SP 85-93) and the annual value starting in October 2022 (SP 94) was computed for
calendar year 2022 (P2Rv8.3 SP 5).

e For model years 2023 through 2037, a weighted average of the P&T model annual values for October
2022 through September 2037 (P&T SP 94-109) was computed for CY's 2023 through 2037 values
(P2Rv8.3 SP 6-20).

e For model year 2038 and all subsequent P2Rv8.3 SPs, all pumping was shut off (P2Rv8.3
SP 21-101).

The resulting injection and extraction rates are summarized in Table 4-3.

Table 4-3. Extraction and Injection Rates for Each Stress Period in the CIE

Date 2018 2019 2020 2021 2022-2036 2037  2038-2070
Stress
Period 1 2 3 4 5-19 20 21-101
Well Name
299-E11-1 76.4 72.9 50.0 50.0 50.0 375 0.0
299-E20-1 71.7 71.4 50.0 50.0 50.0 375 0.0
299-E20-2 75.3 66.4 50.0 50.0 50.0 375 0.0
299-E33-268 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-E33-360 -162.8 -125.7 -110.0 -110.0 -110.0 -82.5 0.0
299-E33-361 0.0 -35.2 -50.0 -50.0 -50.0 -37.5 0.0
299-W10-35 108.5 118.9 130.0 128.3 130.0 97.5 0.0
299-W10-36 60.7 17.8 130.0 128.3 130.0 97.5 0.0
299-W11-103 0.0 0.0 0.0 -129.2 -130.0 -97.5 0.0
299-W11-104 0.0 0.0 0.0 -132.5 -130.0 -97.5 0.0
299-W11-45 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 4-3. Extraction and Injection Rates for Each Stress Period in the CIE

Date 2018 2019 2020 2021 2022-2036 2037  2038-2070
Stress
Period 1 2 3 4 5-19 20 21-101
Well Name
299-W11-46 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W11-49 -133.1 -114.7 -130.0 -125.8 -120.0 -90.0 0.0
299-W11-50 -58.0 -55.9 -60.0 -83.3 -100.0 -75.0 0.0
299-W11-90 -88.4 -87.5 -100.0 -114.2 -100.0 -75.0 0.0
299-W11-92 -78.1 -96.1 -110.0 -89.2 -50.0 -37.5 0.0
299-W11-96 -106.6 -78.2 -100.0 -113.3 -120.0 -90.0 0.0
299-W11-97 -92.8 -103.6 -125.0 -118.8 -60.0 -45.0 0.0
299-W12-2 -107.5 -95.8 -105.0 -104.2 -100.0 -75.0 0.0
299-W12-3 -98.2 -90.1 -100.0 -100.0 -80.0 -60.0 0.0
299-W12-4 -129.3 -121.7 -130.0 -125.0 -110.0 -82.5 0.0
299-W12-5 0.0 0.0 0.0 -129.6 -130.0 -97.5 0.0
299-W14-20 -74.9 -99.6 -105.0 -102.9 -100.0 -75.0 0.0
299-W14-21 -93.2 -89.7 -90.0 -90.0 -90.0 -67.5 0.0
299-W14-22 -103.2 -102.5 -115.0 -114.6 -100.0 -75.0 0.0
299-W14-27 0.0 0.0 0.0 -95.8 -150.0 -112.5 0.0
299-W14-28 0.0 0.0 0.0 -119.6 -130.0 -97.5 0.0
299-W14-30 0.0 0.0 0.0 -69.2 -130.0 -97.5 0.0
299-W14-31 0.0 0.0 0.0 -56.7 -130.0 -97.5 0.0
299-W14-32 0.0 0.0 0.0 -21.7 -130.0 -97.5 0.0
299-W14-33 0.0 0.0 0.0 -10.8 -130.0 -97.5 0.0
299-W14-73 -135.3 -82.7 -130.0 -125.0 -110.0 -82.5 0.0
299-W14-74 -100.9 -95.7 -105.0 -104.2 -100.0 -75.0 0.0
299-W15-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-11 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-225 -39.0 -79.9 -100.0 -84.2 -50.0 -37.5 0.0
299-W15-226 168.6 142.8 130.0 128.3 130.0 97.5 0.0
299-W15-227 140.0 142.1 140.0 130.0 130.0 97.5 0.0
299-W15-228 109.8 111.0 130.0 130.0 130.0 97.5 0.0
299-W15-229 75.0 82.7 120.0 136.7 150.0 1125 0.0
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Table 4-3. Extraction and Injection Rates for Each Stress Period in the CIE

Date 2018 2019 2020 2021 2022-2036 2037  2038-2070

Stress

Period 1 2 3 4 5-19 20 21-101
Well Name
299-W15-29 60.4 91.1 120.0 120.0 120.0 90.0 0.0
299-W15-32 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-33 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-34 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-35 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-36 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-37 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-40 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-43 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-44 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-45 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-46 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-47 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W15-765 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W17-2 0.0 -58.2 -100.0 -102.1 -50.0 -37.5 0.0
299-W17-3 -73.2 -99.4 -110.0 -93.3 -50.0 -37.5 0.0
299-W18-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W18-36 16.1 64.6 100.0 100.0 100.0 75.0 0.0
299-W18-37 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W18-38 66.3 44.9 95.0 102.5 110.0 82.5 0.0
299-W18-39 2.0 25.0 15.0 17.5 25.0 18.8 0.0
299-W18-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W18-41 1334 1155 130.0 129.2 130.0 97.5 0.0
299-W18-42 134.7 85.6 130.0 138.3 150.0 1125 0.0
299-W18-43 139.6 69.5 110.0 130.4 135.0 101.3 0.0
299-W18-44 0.0 0.0 0.0 119.2 130.0 97.5 0.0
299-W19-111 0.0 -7.6 -10.0 -10.0 -10.0 -7.5 0.0
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Table 4-3. Extraction and Injection Rates for Each Stress Period in the CIE

Date 2018 2019 2020 2021 2022-2036 2037  2038-2070
Stress
Period 1 2 3 4 5-19 20 21-101
Well Name
299-W19-113 -43.5 -46.6 -50.0 -50.0 -50.0 -37.5 0.0
299-W19-114 -54.3 -71.5 -80.0 -80.0 -80.0 -60.0 0.0
299-W19-125 -49.4 -47.6 -40.0 -40.0 -40.0 -30.0 0.0
299-W19-23 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W19-24 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W19-25 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W19-36E 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W19-36I 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W19-39 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W19-43 0.0 0.0 0.0 0.0 0.0 0.0 0.0
299-W22-90 -24.7 -20.5 -25.0 -25.0 -25.0 -18.8 0.0
299-W22-91 -29.3 -29.5 -30.0 -30.0 -30.0 -22.5 0.0
299-W22-92 -24.8 -24.4 -25.0 -25.0 -25.0 -18.8 0.0
299-W5-1 -78.0 -86.4 -100.0 -87.5 -50.0 -37.5 0.0
299-W6-13 57.9 54.5 130.0 129.2 130.0 97.5 0.0
299-W6-14 174.0 101.1 140.0 130.0 130.0 97.5 0.0
299-W6-15 -95.9 -75.3 -90.0 -101.7 -100.0 -75.0 0.0
299-W6-16 0.0 0.0 0.0 119.2 130.0 97.5 0.0
299-W7-14 104.7 83.5 120.0 129.6 135.0 101.3 0.0
699-38-64 90.4 101.7 50.0 49.2 50.0 375 0.0
699-40-67 39.3 78.2 50.0 53.3 60.0 45.0 0.0
699-40-70A 0.0 0.0 0.0 0.0 -130.0 -97.5 0.0
699-42-67 57.3 101.0 50.0 125.0 140.0 105.0 0.0
699-43-67 21.7 47.6 50.0 62.5 70.0 52.5 0.0
699-43-67B 14.5 20.5 20.0 254 30.0 225 0.0
699-44-67 16.6 36.6 50.0 52.9 60.0 45.0 0.0
699-45-67 28.5 354 50.0 47.9 60.0 45.0 0.0
699-45-67B 3.9 334 20.0 23.3 25.0 18.8 0.0
699-46-68 415 59.2 90.0 90.8 100.0 75.0 0.0
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Table 4-3. Extraction and Injection Rates for Each Stress Period in the CIE

Date 2018 2019 2020 2021 2022-2036 2037  2038-2070

Stress

Period 1 2 3 4 5-19 20 21-101
Well Name
699-47-78 0.0 0.0 0.0 126.7 150.0 1125 0.0
699-47-78B 0.0 0.0 0.0 125.8 150.0 1125 0.0
699-47-78C 0.0 0.0 0.0 125.8 150.0 1125 0.0
699-48-70 0.0 -6.0 -75.0 -87.9 -100.0 -75.0 0.0
699-49-69 20.6 50.2 50.0 46.7 60.0 45.0 0.0

Note: Extraction and injection rates are shown in gallons per minute.

41.5 Pumping Scenarios
Two P&T scenarios were considered for evaluating the effects of hydraulic containment injection wells

on the 1-129 plume within the 200-UP-1 OU. These scenarios are as follows:

e Scenario 1: All the extraction/injection wells in 200 West (200-ZP-1 and 200-UP-1) active in 2019
are continued through the end of 2037 (as shown in Table 4-3).

e Scenario 2: All the extraction/injection wells that are active 200 West in 2019 are continued through
the end of 2037 except the 1-129 injection wells (299-E20-1, 299-E20-2, and 299-E-11-1) are turned
off at the end of 2020.

Table 4-4 provides the injection rates of the 1-129 hydraulic containment wells used in the predictive
models for both scenarios. Figure 4-3 shows the location of wells used in this ECF.
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Table 4-4. Projected Injection Well Rates Used in this Analysis

Injection Rate

(gal/min)
Injection Well Name 2018 2019 2020-2036 2037 2038-3070
Scenario 1
299-E11-1 76.4 72.9 50.0 375 0.0
299-E20-1 71.7 71.4 50.0 375 0.0
299-E20-2 75.3 66.4 50.0 375 0.0
Total 223 211 150 113 0.0
Injection Well Name 2018 2019 2020 2021-3070
Scenario 2
299-E20-1 76.4 72.9 50.0 0.0
299-E20-2 71.7 71.4 50.0 0.0
299-E11-1 75.3 66.4 50.0 0.0
Total 223 211 150 0.0

4.2  Groundwater Transport Modeling

This section describes the development of the 1-129 plume for the numerical model scenarios and
the transport properties used.

4.21 Initial concentration

The initial concentration distribution was estimated for 1-129. The process for developing the estimate is
documented in ECF-HANFORD-20-0062, Mapping the Concentration Distribution of Contaminant
Plumes to the Computational Grid of the Plateau to River Model Version 8.3. In summary, observed
concentration data at wells and two- and three-dimensional interpolations of plume concentration
distribution were used to map plume concentration to the model grid. For this ECF, the maximum
concentration (worst case) plume was used. In addition, the initial concentration for this calculation was
filtered to include only the plume within the 200-UP-1 OU.

Figure 4-4 through Figure 4-5 show the initial concentration used in each model layer for this ECF. No
concentration is assigned in most of the cells in Layer 1 as this layer is mostly above the water table.

4.2.2 Transport Parameters

The transport parameters used for this ECF are the same as those used in ECF-HANFORD-21-0005 and
are selected from characterization data compiled in reports specific to the Hanford Site or based on
literature values, where necessary, that are documented in the tables presented in the following sections.
The parameter values reflect information that are typically used to support fate and transport modeling in
support of remedial decisions at the Hanford Site. These parameters include soil properties, geochemical
properties, and dispersion.

4.2.2.1 Soil Properties

Soil properties for the fate and transport simulation are shown in Table 4-5. The effective porosity and
bulk density values are provided with their respective geologic units. The basis for each selected
parameter value is also included in the table.
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Table 4-5. Composite Analysis Saturated Zone Facet Transport Model Soil Properties

Property Geologic Unit Value Basis
Hanford formation, Cold 0.2 Approximate central value (arithmetic average) of the mean
Creek unit value for all Hanford sediments representative of
the saturated zone — either estimated, interpreted from
aquifer tests or tracer tests, or calculated from lab tests on
samples taken from within 5 m above the water table to
the bottom of a specified borehole (Table D-17 in
DOE/RL-2007-28). Textural description is assumed to
approximate the gravelly sand or sandy gravel Cold Creek
unit described in PNNL-18564 and the basis for its assigned
bulk density of 1.93 g/cm?.
. Ringold Formation member 0.15  Approximate central value (arithmetic average) of geometric
Effective . ) ;
Porosity of TayI(_)r Flat, Ringold mean values for Hanfo_rd sedlments representative of
Formation Member of the saturated zone — either estimated, interpreted from
Wooded Island — unit E, aquifer tests or tracer tests, or calculated from lab tests on
Ringold Formation Member samples taken from within 5 m above the water table to
of Wooded Island — unit A the bottom of a specified borehole (Tables D-3 and D-17 in
DOE/RL-2007-28).
Ringold Formation member 0.3 Value used for 200-BP-5 and 200-PO-1 modeling,
of Wooded Island - lower (Table 4-6 in ECF-HANFORD-13-0031). Estimated from
mud unit Table 6.3 in PNNL-15239 where 6 (total porosity) = 0.316
for sediment (Ringold lower mud unit) from borehole
299-W15-46, depth of 131 to 131.7 m with a total silt/clay
content of 82.2% (36.7% clay).
Hanford formation, Cold 1.93 Table 6.2 in PNNL-18564. Value is selected as
Creek unit glcm®  representative of the Hanford formation gravel-dominated
Cold Creek unit immediately overlying the upper Ringold
Formation unit 4 (Figure 3-1 in CP-57037). According to
PNNL-18564, the value represents the best professional
judgment of technical experts/authors of reports cited in
PNNL-18564, with the sediment class nomenclature
qualitatively described in Table 6.2 as Hanford formation
gravelly sand or sandy gravel.
Bulk
Density Ringold Formation member 1.90 Table 6.2 in PNNL-18564. Value is representative of
of Taylor Flat, Ringold g/cm®  the saturated Ringold Formation members typically

Formation member of
Wooded Island — unit E,
Ringold Formation member
of Wooded Island — lower
mud unit, Ringold
Formation member of
Wooded Island — unit A

comprising fluvial gravel, moderately to strongly cemented,
and interstratified with finer-grained deposits. The values
represent the reports cited in PNNL-18564, with

the sediment class nomenclature qualitatively described in
Table 6.2 as Rg-Ringold Formation sandy gravel. (Note:
the well bedded fine-to-coarse sand to silt sediments of
the Taylor Flat member are explicitly excluded from

the ascribed qualitative description.)

Note: Complete reference citations are provided in Chapter 8 of this document.
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4.2.2.2 Geochemical Properties

As contaminants flow through the groundwater, they interact with the soil particles depending on

the nature of the contamination. The geochemical processes simulated as part of the fate and transport of
contaminants include adsorption to the soil matrix and radioactive decay. Linear partitioning coefficients
(Kq), half-lives, and decay rates were assigned based on field-specific data, and literature values (from
Table 4-6 in DOE/RL-2018-69, Cumulative Impact Evaluation Technical Approach Document) are
summarized in Table 4-6.

Table 4-6. Contaminant Transport Parameter Values

Kad Half-Life Half-Life Degradation Rate
coc (mL/g) (yr) (day) (d?)
1-129 0.1 15,700,000 5,370,000,000 0.000000000121

Note: Table is derived from Table 4-6 in DOE/RL-2018-69, Cumulative Impact Evaluation Technical
Approach Document.

cocC
Kad

contaminant of concern

partitioning coefficient

4.2.3 Hydrodynamic Dispersion

As contaminants move through the subsurface, plumes of contaminants tend to spread. This is caused by
molecular diffusion based on concentration gradients and the interaction with soil particles through
tortuous and variable paths called dispersivity. The total effect of these phenomena on the contaminant
plume is referred to as hydrodynamic dispersion. Where flow of groundwater is relatively high, as within
the saturated zone of the suprabasalt aquifer at the Hanford Site, the dispersivity component outweighs
diffusion on impacts to the concentration. This renders the effect of the diffusion term on concentration
negligible in the saturated zone. The input parameters and discussion related to selection of these values
for this ECF are shown in Table 4-7.

Table 4-7. Transport Model Dispersivity Properties

Property Value Basis

Selected based on the smallest grid cell size (100 x 100 m) and to maintain a
Peclet Number between 2 and 4 as recommended to maintain model stability

I;j?gggrus?\llilt?l 50m (Campbell et al., 1980, and Zheng and Wang, 1999). The value of 50 m is also
supported through sensitivity simulations completed and documented in
ECF-HANFORD-21-0006.
20% of longitudinal. Transverse dispersivity is generally considered to be
Transverse approximately an order of r_nagnitude smaller t_han Io_ngitqdinal dispersivity
dispersivity 10 m (Gelhar et al., 1992). A review of transverse Dispersivity in S-N/99205-103-REV1
indicates that, in general, transverse horizontal dispersivity is a factor of 3 to 30
less than longitudinal dispersivity.
Assigned to Hanford, Cold Creek, Ringold Taylor Flat, unit E, and unit A. Based
Vertical 25m on sensitivity simulations presented in ECF-HANFORD-21-0006. Lateral scales
dispersivity ' of transport and the dominance of horizontal flow in Central Plateau

(DOE/RL-2007-28).
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Table 4-7. Transport Model Dispersivity Properties

Property Value Basis

Ringold Lower Mud - Simulation of no vertical dispersion in lower mud is based
0.0m on the unit acting as a confining unit to the Ringold unit A below and
the assumption that the contamination is not moving through the lower mud unit.

Molecular 2 Negligible term due to the comparatively large longitudinal and lateral scales of
e 0.0 m?/d : .
diffusion constant transport and predominance of advective flow.

Note: Complete reference citations are provided in Chapter 8 of this document.

424 Continuing Sources

In the CIE, all waste sites within the P2R model extent were used in the Hydrocarbon Spill Screening
Model package. However, for this ECF, only 1-129 waste sites in the vicinity of the 200-UP-1 OU 1-129
plume were included. A list of those sites is included in Table 4-8.

Table 4-8. Waste Sites Considered for Continuing Source Impact Evaluation

Vadose Zone

Within Waste Volume Mean, 1-129, Ci Model Name
WIDS Site Name 200-UP-1 Forma ML (SIM-v2)2 (SIM-v2)2 in CIEP
216-S-7 Yes Liquid 389.9 0.351 REDOX
216-U-10 Yes Liquid 126776.6 0.214 U-10
216-5-1&2 Yes Liquid 160.426 0.136 S FARMS
216-W-LWC T’T'géﬁ;”;g&";gf;) Liquid 998.839 0.051 LW CRIB
216-S-9 Yes Liquid 49.57951 0.029 U PLANT
216-U-14 Yes Liquid 4884.095 0.0082 U FARMS
216-5-20 Yes Liquid 135.4076 0.0081 REDOX
216-U-8 Yes Liquid 375.4902 0.0049 U PLANT
216-S-6 Yes Liquid 4440.147 0.0028 RSP
216-5-12 Yes Liquid 0.074767 4.01E-04 REDOX
216-S-21 Yes Liquid 87.137 3.27E-04 S FARMS
216-5-17 Yes Liquid 6436.545 4.71E-05 RSP
UPR-200-W-61 Yes Liquid 0.000924 3.53E-05 REDOX
216-5-16P Yes Liquid 40723.25 3.50E-05 RSP
216-S-5 Yes Liquid 4084.911 3.18E-05 RSP
216-S-3 Yes Liquid 4.202533 2.18E-05 S FARMS
216-S-10P Yes Liquid 6728.922 1.81E-05 RSP
216-S-22 Yes Liquid 0.0983 6.39E-06 REDOX
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Table 4-8. Waste Sites Considered for Continuing Source Impact Evaluation

Vadose Zone

Within Waste Volume Mean, 1-129, Ci Model Name
WIDS Site Name 200-UP-1 Formsa ML (SIM-v2)2 (SIM-v2)2 in CIEP
216-U-1&2 Yes Liquid 15.929 2.27E-06 U PLANT
UPR-200-W-95 Yes Liquid 3.97E-05 1.68E-06 REDOX
216-U-12 Yes Liquid 148.9838 1.38E-06 U PLANT

a. ECF-HANFORD-17-0079, Hanford Soil Inventory Model (SIM-v2) Calculated Radionuclide Inventory of Direct
Liquid Discharges to Soil in the Hanford Site’s 200 Areas.

b. CP-63515, Model Package Report: Central Plateau Vadose Zone Models.

CIE = cumulative impact evaluation
LW = low level

ML = megaliter

REDOX = reduction oxidation

RSP = REDOX ponds area

WIDS = Waste Information Data System

4.2.5 Well Monitoring Network for 95%UCL

While existing monitoring wells in the 200-UP-1 OU and 200 East Area within the P2R model

version 8.3 domain were used where available (DOE/RL-2015-14), several additional monitoring
locations were chosen to fill gaps in the well coverage. These locations are referred to herein as
“synthetic” wells. When expanding the network, attempts were made to maintain a reasonably uniform
spatial distribution of monitoring locations along the expected path of the plume. Note, a set of four
synthetic wells (ZP-1_17, UP-1_2, UP-1_3, and UP-1_4) were added to keep track of the plume as it
migrates toward the east of the model domain (Figure 4-6.).
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5 Software Applications

MODFLOW-2000-MST and MT3DMS-MST, Microsoft® Excel® and ArcGIS® software programs were
used for this ECF. These are Central Plateau Cleanup Company (CPCCo) approved software, managed
and used in compliance with the requirements of CPCC-PRO-IRM-309, Controlled Software
Management. MODFLOW-2000-MST and MT3DMS-MST are approved calculation software, and
Microsoft Excel and ArcGIS is approved support software (CP-66776, MODFLOW and Related Codes
Software Management Plan). The following supporting information is provided.

5.1 Approved Software

MODFLOW-2000-MST and MT3DMS-MST were executed on the INTERA Richland OLIVE Linux®
Cluster that is owned and managed by INTERA, Inc., a preselected subcontractor to CPCCo.

The computer property tag for the front-end node is #825 at INTERA’s office in Richland, Washington.
This node is a Dell® PowerEdge® R530 Server with 12 Intel® Xeon® E5-2680 v3 CPU (x2) Cores

(48 processors) @ 2.5 GHz with 30 MB Cache and 128 GB of RAM. The workstation storage consists of
26 TB RAID-5 disk array. As given by the command “uname —a”, the operating system details are as
follows:

Linux olive 4.4.0-38-generic #57~14.04.1-Ubuntu SMP Tue Sep 6 17:20:43 UTC
2016 x86 64 x86 64 x86 64 GNU/Linux

For approved software used in this ECF, the required descriptions are provided in the following section.

5.1.1 Description
MODFLOW
e Software Title: MODFLOW-2000-MST

e Software Version: CHPRC Build 8 (executable file “mf2k-mst-chprc08dpl.x”)

e Hanford Information System Inventory (HISI) Identification Number: 2517 (Safety Software,
Level C)

e CPCCo Software Control Documents:

— CP-66810, MODFLOW and Related Codes: Build 9 Software Requirements Specification Report
— CP-66776, MODFLOW and Related Codes: Build 9 Software Management Plan

— CP-66777, MODFLOW and Related Codes: Build 9 Software Test Plan

— CP-66811, MODFLOW and Related Codes: Build 9 Requirements Traceability Matrix

— CP-66778, MODFLOW and Related Codes: Build 9 Software Acceptance Test Report

MT3DMS-MST
e Software Title: MT3DMS-MST

e Software Version: CHPRC Build 8 (executable file “mt3d-mst-chprc08dpl.x")

® Microsoft and Excel are registered trademarks of Microsoft Corporation in the United States and in other countries.
® ArcGIS is a registered trademark of ESRI in the United States and other countries.

® Linux is the registered trademark of Linus Torvalds (individual), Boston, Massachusetts.

® Dell and PowerEdge are registered trademarks of Dell Corporation, Round Rock, Texas.

® Intel and Zeon are registered trademarks of Intel Corporation, Santa Clara, California.
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o HISI Identification Number: 2518 (Safety Software, Level C)
e CPCCo Software Control Documents:

— CP-66810
- CP-66776
- CP-66777
- CP-66811
— CP-66778

5.1.2 Software Installation and Checkout

The approved safety software packages (MODFLOW, MT3DMS) were checked out in accordance with
procedures specified in CHPRC-00258, MODFLOW and Related Codes Software Management Plan.
Executable files were obtained from the software owner who maintains the configuration-managed copies
in Azure DevOps® installation tests identified in CHPRC-00259, MODFLOW and Related Codes
Software Test Plan were performed, and successful installation confirmed. Software Installation and
Checkout Forms were completed and approved for installations used to perform model runs reported in
this calculation. A copy of the Software Installation and Checkout Form for this controlled use software is
provided in Attachment A of this ECF.

5.1.3 Statement of Valid Software Application

The preparer of this calculation brief attests that the software identified above and used for
the calculations described in this calculation brief, are appropriate for the application and used within
the range of intended uses for which they were tested and accepted by CPCCo.

Because MODFLOW and MT3DMS are graded as Level C software, use of these software programs is
required to be logged in the HISI. Accordingly, this environmental calculation has been logged by
the software owner in the HISI under Identification Numbers 2517 and 2518, respectively.

® Azure DevOps is a registered trademark of the Microsoft Corporation in the United States and in other countries.
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6 Calculation

The following flow and transport scenarios (Table 6-1) were calculated using MODFLOW and MT3DMS,
respectively. In addition to Scenarios 1 and 2, a sensitivity case, Scenario 3, with no continuing source was
simulated to evaluate the model output if the continuing source is not going to contribute to the aquifer at
or above 1 pCi/L. Concentration data contained in the Transport Observation Package output file was used
to calculate the 95%UCL mean concentration in Rwie. The output MT3DMS concentration file was used
to generate plume maps over time and to calculate maximum concentration of all the layers in the aquifer.

Table 6-1. Flow and Transport Scenarios

Scenario Pumping Continuing Source
1 1-129 injection wells end in 2037 Yes
2 I-129 injection wells end in 2020 Yes
3 (Sensitivity Case) I-129 injection wells end in 2020 No
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7 Results/Conclusions

Table 6-1 shows the flow and transport scenarios performed for this analysis. Scenarios 1 and 2 included
a continuing source, while Scenario 3 did not. Scenario 1 included 1-129 injection well operation through
2037, while Scenarios 2 and 3 modeled 1-129 injection wells ceasing operation in 2020.

Scenarios 1 and 2 were compared using 95%UCL mean concentration timeseries, plume maps at relevant
times, and timeseries plots of maximum concentration in the entire aquifer. Figure 7-1, Figure 7-2, and
Figure 7-3 show the plume extent at specified times for Scenario 1. Figure 7-6, Figure 7-7, and Figure 7-8
show the plume extent for the same times for Scenario 2, and Figure 7-11, Figure 7-12, and Figure 7-13
show the plume extent for the same times for Scenario 3. The plume spatial extent and migration rates
and direction are similar for both Scenarios 1 and 2 at corresponding times.

Figure 7-4, Figure 7-9, and Figure 7-14 show the maximum aerial extent of the 200-UP-1 OU plumes in
Scenarios 1, 2, and 3, respectively. Comparison of Scenarios 1 and 2 show that the extent of plumes is
similar for corresponding times.

Figure 7-5, Figure 7-10, and Figure 7-15 show the timeseries plots of 95%UCL and Cmax for the entire
aquifer for Scenarios 1, 2 and 3, respectively. The 95%UCL computation was discussed in Section 3.2.
The Cmax timeseries were computed by determining the maximum concentration in any cell (in any
layer) within the aquifer represented in the model domain. Cleanup times based on the 95%UCL and
Cmax series are determined from when each series falls below the cleanup level of 1 pCi/L, shown on
the graphs. Table 7-1 summarizes the cleanup times for each scenario based on 95%UCL and Cmax.

The spatial extents of the plumes, maximum plume extents, 95%UCL and Cmax results show that

the impact of injection cessation in 2020 rather than 2037 (Scenarios 2 and 1, respectively) has minimal
or no impact on either the maximum ultimate extent or the cleanup time for the 200-UP-1 OU plume in
Scenarios 1 and 2. The maximum plume extents from ceasing injection in 2020 versus 2037 predicts

the same maximum area of 4.7 km?, and that the maximum extent happens 227 years after the model start
of 01/01/2018 (compare Figure 7-2 and Figure 7-7, bottom left). The cleanup times predicted by

the 95%UCL and Cmax analyses in Scenarios 1 and 2 are equivalent (see Table 7-1).
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Figure 7-1. Simulation Results for the 200-UP-1 OU, Scenario 1, Showing the Maximum of All Layers for
Years 1 and 13 (top left and right), and Years 23 and 33 (bottom left and right)
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Figure 7-2. Simulation Results for the 200-UP-1 OU, Scenario 1, Showing the Maximum of All Layers for
Years 82 and 117 (top left and right), and Years 227 and 302 (bottom left and right)
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Figure 7-3. Simulation Results for the 200-UP-1 OU, Scenario 1, Showing the Maximum of All Layers for
Years 402 and 502 (top left and right), and Year 602 and 1053 (bottom left)
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Figure 7-5. Timeseries Plot of 95%UCL for Selected Monitoring Wells Network Compared to Cmax of
the Entire Aquifer for Scenario 1
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Figure 7-6. Simulation Results for the 200-UP-1 OU, Scenario 2, Showing the Maximum of All Layers for
Years 1 and 13 (top left and right), and Years 23 and 33 (bottom left and right)
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Figure 7-7. Simulation Results for the 200-UP-1 OU, Scenario 2, Showing the Maximum of All Layers for
Years 82 and 117 (top left and right), and Years 227 and 302 (bottom left and right)
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Figure 7-8. Simulation Results for the 200-UP-1 OU, Scenario 2, Showing the Maximum of All Layers for
Years 402 and 502 (top left and right), and Year 602 and 1053 (bottom left)
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Figure 7-11. Simulation Results for the 200-UP-1, Scenario 3, Showing the Maximum of All Layers for Years 1
and 13 (top left and right), and Years 23 and 33 (bottom left and right)
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Figure 7-12. Simulation Results for the 200-UP-1 OU, Scenario 3, Showing the Maximum of All Layers for
Years 82 and 117 (top left and right), and Years 227 and 302 (bottom left and right)
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Figure 7-13. Simulation Results for the 200-UP-1 OU, Scenario 3, Showing the Maximum of All Layers for
Years 402 and 502 (top left and right), and Year 602 and 1053 (bottom left)
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Figure 7-15. Timeseries Plot of 95%UCL for Selected Monitoring Wells Network Compared to the Cmax of
the Entire Aquifer for Scenario 3

Table 7-1. Cleanup Time Based on 95%UCL and Cmax in
Model Years Since 01/01/2018 for the 200-UP-1 OU

Scenario 95%UCL Cmax
1 383 >1053
2 383 >1053
3 (Sensitivity Case) 408 702
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7.1 Technical Impracticability Zone Boundary Determination

A TI zone boundary extent was investigated based on the maximum aerial extents of the 0.5 and
1.0 pCi/L concentrations of the 1-129 plume throughout the entire model time period, using a geographic
information system approach.

The TI zone boundary analysis process included the following steps:

1. For each transport model output time, the aerial extent of the 0.5 and 1 pCi/L was determined.
A 500 m buffer was applied to the 0.5 pCi/L aerial extent polygon.

A 50 m buffer was applied to the 1 pCi/L aerial extent polygon.

A single buffer was created from the two buffers, by choosing the greater of the two extents.

a M N

The resulting buffer was modified in places where the P2R model cells were evident, creating a
straight line where there were stair-stepped areas.

After comparing the TI zone boundaries created for Scenarios 1 and 2, it was found that operation of
1-129 injection wells until 2037 has no impact on the overall plume migration over 1053 years. As a
result, the T1 zone boundary for Scenarios 1 and 2 are essentially the same. The Tl zone boundary extent
chosen for use in the rest of this ECF is the one based on Scenario 2. The aerial extents of the T1 zone
boundary analyses for Scenario 2 and Scenario 3 (continuing source and no continuing source,
respectively) are included in Figure 7-16 and Figure 7-17, as a comparison of the effect of continuing
sources on the evaluation. Scenario 3 has a smaller Tl zone boundary footprint than Scenario 2 due to
the impact of the 1-129 continuing sources.
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Figure 7-16. Concentration Boundaries Used to Analyze the Technical Impracticability Boundary Based on

Scenario 2 (includes continuing sources)
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Figure 7-17. Concentration Boundaries Used to Analyze the Tl Boundary based on Scenario 3

(with no continuing sources)
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM

Software Owner Instructions:

Complete Fields 1-13, then run test cases in Field 14. Compare test case results listed in Field 15 to corresponding Test Report outputs.
If results are the same, sign and date Field 19. If not, resolve differences and repeat above steps.

Software Subject Matter Expert Instructions:

Assign test personnel. Approve the installation of the code by signing and dating Field 21, then maintain form as part of the software
support documentation.

GENERAL INFORMATION:
1. Software Name: MODFLOW and Related Codes Software Version No.: Bld 8

EXECUTABLE INFORMATION:
2. Executable Name (include path):

Following executable files in directory: _bin

MDS5 Signature (unique ID) Executable File Name Code
2fade33e27978063a%a70££8605e4c0c mf2k-chprc08dpl.x MODFLOW-2000 double precision
8b0b28c5e102e63d£95de542d83d013b mf2k-chprc08spl.x MODFLOW-2000 single precision

80d670658425653bf5bcbb97ad2a2730 mf2k-mst-chprc08dpl.x MODFLOW-2000-MST double precis.
d879defafdcS5ad25be51a484d73ea65d mf2k-mst-chprc08spl.x MODFLOW-2000-MST single precis.

682f0ble9fcdbacOb885f£52a7ddfe821 mfusg-chprc08dpl.x MODFLOW-USG double precision
aBaB61£6d453647b100d63f064cab6af2 mfusg-chprc08spl.x MODFLOW-USG single precision
1bedb7d3£c81881f£f0b97f£7e67bd3ff mt3d-chprc08dpl.x MT3DMS double precision
37ae3dcb3e56cd27e3e889a%0d0ae7cl mt3d-chprcO08spl.x MT3DMS single precision

1le468c4409%ac913843ce783aabed819¢c mt3d-mst-chprc08dpl.x MT3DMS-MST double precision
2d0aBad4c480318763b6aaaalf880348a mt3d-mst-chprc08spl.x MT3DMS-MST single precision

3. Executable Size (bytes): MD5 signatures above uniquely identify each executable file

COMPILATION INFORMATION:
4. Hardware System (i.e., property number or ID):

INTERA Austin Linux(R) Cluster
5. Operating System (include version number):

Linux head.cluster 2.6.32-358.11.1.el6.centos.plus.x86 64 #1 SMP Wed Jun 12 19:12:17 UTC
2013 %86 64 x86 64 x86 64 GNU/Linux

INSTALLATION AND CHECKOUT INFORMATION:
6. Hardware System (i.e., property number or ID):

INTERA "OLIVE" Linux Cluster
7. Operating System (include version number):

Linux olive 4.4.0-38-generic #57~14.04.1-Ubuntu SMP Tue Sep 6 17:20:43 UTC 2016 x86 64
x86 64 x86 64 GNU/Linux

8. Open Problem Report? ® No (O Yes PR/CR No.
TEST CASE INFORMATION:
9. Directory/Path:

[ eeee—
10. Procedure(s):

CHPRC-00259 Rev. 3, MODFLOW and Related Codes Software Test Plan
11. Libraries:

N/A (static linking)
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued)

1. Software Name: MODFLOW and Related Codes Software Version No.: Bld 8

12. Input Files:

Per CHPRC-00259 Rev. 3
13. Output Files:

Found in test subdirectories
14. Test Cases:

MF-ITC-1 (both standard and MST versions of MODFLCW); run both single & double precision
MT-ITC-1 run for single and double precision, multiple solwvers

15. Test Case Results:
All pass.
16. Test Performed By: WE Nichols
17. Test Results: @ Satisfactory, Accepted for Use O Unsatisfactory
18. Disposition (include HISI update)
Approved; installation added to HISI entries for MODFLOW and MT3DMS.

| Prepared By:
19, WILLIAM NICHOLS 522 we Nichols
{Affiliate)wner (Sio e oo . Print Date

20. Test Personnel:
WE Nichols

Sign Print Date
Sign Print Date
Sign Print Date
Approved By:
21. N/R (CHPRC-00258 Rev. 3)
Software SME (Signature) Print Date
Page 2 of 2 A-6005-149 (REV 0)
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